Introduction {#S0001}
============

The author of the previous study noticed that L-arginine decreased the level of HSP70 expression in kidney cells of the rat fetuses during Adriamycin apoptosis \[[@CIT0001]\].

Other studies, conducted by the author, examined rat hepatocytes after L-arginine therapy \[[@CIT0002]\]. The study showed that L-arginine as a donor of exogenous nitric oxide did not have an apoptotic effect on the hepatocytes of the rats.

In the present study, the author wanted to check the influence of L-arginine on the expression of two early cellular stress biomarkers (HSP70 and p-53 proteins) in renal tubular cells \[[@CIT0003]\].

P-53 is a protein that is activated in the cell by damaged DNA. P-53 can activate apoptosis by inducing protein 1 (AIP1) in cells which will undergo it \[[@CIT0004]\]. This protein associates with the mitochondria and releases molecules inducing caspase \[[@CIT0005]\]. The cell produces AIP1 several hours after DNA damage, which makes it impossible to repair the damaged genetic material.

Heat shock proteins (HSP) have been known since the mid-1980s as proteins that were observed in bacteria that were exposed to temperatures 4-5°C higher than normal. In the 1980s, Żylicz discovered some more functions of these proteins \[[@CIT0006]\]. He called them protective proteins, which regulate many basic life processes of cells, and concentrated on the prevention of effects of the harmful factors \[[@CIT0007]\].

The functions of chaperones include formation of the proteins' spatial structure, binding the protein sub-units into oligomers and assisting in proteins' transport through the organelle membranes. It helps to prevent the abnormal formation of non-functional protein structures. The expression of genes encoding HSPs is induced by so-called environmental stress \[[@CIT0008]\].

The aim of the present study is to investigate overexpression of HSP70 and p-53 proteins as mechanisms for protecting the renal tubular epithelial cells against l-arginine-induced cellular stress.

Material and methods {#S0002}
====================

The material for the study consisted of 16 white Wistar female rats with a baseline body weight of 200-250 g aged 3.5-4 months. Due to the simultaneity principle, the rats were randomly assigned to the control and experimental group.

The animals received standard feed and water ad libitum. The rats were divided into 2 equal groups of 8 females in each.

The rats in the experimental group received L-arginine through a stomach tube (Argininum, Curtis Healthcare, Poznan, Poland) in the amount of 40 mg/kg body weight (5 mg of L-arginine in 1 ml of distilled water) 7 times every other day for 2 weeks.

The rats in the control group received 2 ml of distilled water through a stomach tube every other day for 2 weeks. Rats were decapitated 3 weeks after the experiment.

The study was approved by the Local Ethics Committee in Lublin attached to the Medical University of Lublin, Al. Racławickie 1, No. 551/2005.

The rat kidneys were collected for immunohistochemical investigations. The kidneys for immunohistochemical studies were fixed in 10% formalin buffered in phosphate buffer pH 7.0, and after dehydration in ascending ethanols, cleared in xylene and embedded in paraffin. Microtome sections were cut at 5 µm and then adhered to the siliconised slides.

To identify p-53 and HSP70 proteins, preparations from experimental and control groups were used. For each preparation, a negative control (a slide without primary antibody) was used.

The protein expression level was evaluated with a standard three-step immunohistochemical procedure, labelled streptavidin biotin (LSAB), using DakoCytomation kits in compliance with the manufacturer\'s instructions. Mouse p53 (diluted 1 : 50) (Lab Vision Corporation, Fremont, CA, USA), and rabbit HSP70 (diluted 1 : 100 (Lab Vision)) antibodies were used as a primary antibody. Then a biotinylated secondary antibody was added, and followed by horseradish peroxidase conjugated with streptavidin (DakoCytomation; Glostrup, Denmark). At the site of immunolocalization of the primary antibodies, after adding a chromogen, AEC (DakoCytomation; Glostrup, Denmark), a reddish colour appeared. The coloured reaction occurred because streptavidin has a strong affinity to biotin.

The expression of all proteins was evaluated in preparations taken from 8 rats from the control group and 8 rats from the experimental group (two preparations from every individual for each of the antibodies; in total, for each antibody there were 16 control slides and 16 experimental slides). The slides were analyzed by means of a light microscope. The photographic documentation was performed with a CCD-IRIS Colour Video Camera (Sony) connected with a computer.

The analysis of the microscopic images at a magnification of 125×, to assess the expression of the protein, was performed by means of the computer program analySIS^®^Pro 3.0 (Soft Imaging System, Munster, Germany). Three randomly selected standard microscope fields of 781 193.35 µm^2^ were assessed from each slide. The field of the sectioned surface of kidney specimens with positive reactions was measured. An intensive red was assessed by the computer as positive; red-pink or pink were not assumed as a positive result.

Statistical analysis {#S20003}
--------------------

The results were analyzed statistically by means of an ANOVA test and a Student\'s *t*-test. The averages, standard deviations and the percentage of positive reactions in the examined tissue field were determined. The differences were considered as statistically significant when *p* \< 0.05.

Results {#S0004}
=======

Qualitative evaluation showed focal p-53 reaction in each group. The colour reaction was observed in the cytoplasm of renal tubular epithelial cells. The positive cytoplasm staining was dark pink in both the control and the experimental group ([Figures 1A](#F0001){ref-type="fig"}, [B](#F0001){ref-type="fig"}). The cytoplasm of the cells was stained at their bases in the vicinity of basilar membranes of renal tubular epithelial cells ([Figure 1B](#F0001){ref-type="fig"}). In the renal glomeruli, p-53(+) reaction was not observed.

![Immunohistochemical localization of p-53 protein in the kidney in (**A**) the control rats (weak cytoplasmic p-53 reaction), scale bar = 18 μm and in (**B**) the experimental rats, decapitated after L-arginine administration (p-53 reaction of medium intensity), scale bar = 54 μm. All preparations stained with AEC (AEC Substrate chromogen) and nuclei counterstained with hematoxylin](AMS-9-21338-g001){#F0001}

The HSP70 reaction was visible focally in rat kidneys in both the experimental and the control group. The intensity of the reaction was comparable in the control and in the L-ARG group ([Figures 2A](#F0002){ref-type="fig"}, [B](#F0002){ref-type="fig"}). The colours ranged from bright to dark pink. The reaction filled the apical part of the cytoplasm of renal tubular epithelial cells.

![Immunohistochemical localization of HSP70 protein in the kidney in (**A**) the control rats (quite intensive cytoplasmic HSP70 reaction), scale bar = 54 μm, and in (**B**) the experimental rats, decapitated after L-arginine administration (HSP70 reaction of medium intensity), scale bar = 18 μm. All preparations stained with AEC (AEC Substrate chromogen) and nuclei counterstained with hematoxylin](AMS-9-21338-g002){#F0002}

Quantitative evaluation revealed the increased p-53 reaction that was observed in the L-arginine group in comparison to the control one ([Table I](#T0001){ref-type="table"}). In the control group the mean area occupied with a positive, colour reaction was not too big (mean 0.24% of 781 193 µm^2^ field). Despite the fact that the increase in the experimental group was not large (mean 0.36% of 781 193 µm^2^ field), it was statistically significant (*p* = 0.016).

###### 

The mean area in µm^2^ occupied with a positive reaction of p-53 and HSP70 proteins in the standard fields of 781 193µm^2^ in rat kidneys in both the control and the experimental group

  Protein   Control group Mean ± SD \[µm^2^\]   Experimental group Mean ± SD \[µm^2^\]   Value of *p* [\*](#TF0001){ref-type="table-fn"}
  --------- ----------------------------------- ---------------------------------------- -------------------------------------------------
  p-53      1882.05 ±466.43                     2835.44 ±254.72                          0.016
  HSP70     11388.63 ±1455.24                   24111.42 ±4290.88                        0.005

One-way ANOVA test, statistical significance

The HSP70 reaction was evaluated quantitatively by means of the computer programme, and it was quite strong in the control group (mean 1.5% of 78 1193 µm^2^ field) ([Table I](#T0001){ref-type="table"}). In the L-arginine group, we could only observe a slight increase (mean 3.0% of 78 1193 µm^2^ field). However, this increase was statistically significant (*p* = 0.005).

Discussion {#S0005}
==========

In the present study the dose of L-arginine was similar to the one that was used in the gestosis treatment of pregnant women. This dose should be safe for a mother and a fetus \[[@CIT0009]\].

In the organism, NO is produced from L-arginine with the aid of nitric oxide synthase (NOS), also called digoxygenase \[[@CIT0010]\].

The effects of NO on cell damage are not fully known. It was demonstrated that the proapoptotic influence of NO was caused by oxidative stress which was induced in cells. The so-called "nitrosative stress" was described in the rat\'s macrophages, where NO-induced apoptosis was observed \[[@CIT0011]\].

In the present study, after the exposure of renal cells to L-arginine, two mechanisms protecting cells against danger were initiated: the increase in HSP70 and in p-53 expression. It was a response of cells to oxidative stress -- a result of L-arginine action.

HSP 70 belongs to the group of "molecular chaperones". Its increased concentration in the cytoplasm is observed after exposure of a cell to various damaging factors \[[@CIT0012]\], which include UV radiation, changes in pH and osmolality, carbon or nitrogen deficits, ethanol, heavy metals, antibiotics, oxidative stress, and viral infections \[[@CIT0013], [@CIT0014]\].

The role of HSP70 is to prevent the damage of proteins that could lead to their degradation. Damaged proteins are important for proper functioning of cells which cannot be repaired by heat shock proteins. These cells are usually "labelled" by chaperones with ubiquitin and lead to the proteasomal death pathway. Mass degradation of cell proteins in proteasomes is the signal of death through apoptosis.

The aim of the study is to show the reactions of cell stress markers in rat kidney cells that were subjected to L-arginine treatment: a cell responds to the threat by producing a variety of factors, including proteins whose aim is to protect it from the damage. Cellular proteins and genetic material contained in nuclear DNA are mainly vulnerable to the damage that leads to cell death. The first cell response to the damage of DNA is overproduction of the p-53 protein (the guardian of the genome), whose task is to stop the cell cycle, thereby enabling repairs.

A cell reacts to the factors that damage cellular proteins by overproduction of heat shock proteins, e.g. small HSPs, HSP40, HSP60, HSP70, HSP90, and HSP110. The most sensitive of these proteins is HSP70 \[[@CIT0014]\]. Its overproduction in the cell is stimulated even by environmental pollution \[[@CIT0008]\]. It is possible to detect even the earliest signs of cell stress because of choosing this protein. It is known from the literature that NO depending on the dose protects the cell or causes oxidative stress.

Other heat shock proteins such as HSP 60 and 65 are not such sensitive indicators of oxidative stress in particular that is expected in our work that investigates the effect of NO on cells.

Some authors have evaluated expression of HSP70 in many diseases. Sakai *et al*. in their experiment did not observe a significant increase of HSP70 expression in renal cell carcinoma \[[@CIT0015]\]. Ugurlucan *et al*. found that diabetes mellitus causes aortic stiffness and this may contribute to the increase in mortality and morbidity associated with DM. The expression of HSP 70 may become a therapeutic target \[[@CIT0016]\]. Bielecka-Dąbrowa *et al*. using as a method a literature review wrote that the role of HSPs in atherosclerosis is controversial. HSP60 probably acts as an autoantigen, while HSP70 is likely to be involved in cytoprotection \[[@CIT0014]\].

Other authors concluded in their investigations that HSP70, because of its sensitivity, has been hailed as a biomarker of cellular stress, including oxidative stress and environmental sustainability in which the organism functions \[[@CIT0008]\]. They described several mechanisms of an antiapoptotic action of HSP70. HSP70 decreases cell sensitivity to death signals such as TNF, monocytes, oxidative stress, ceramide, UV radiation, overproduction of caspase 3 and some chemotherapeutics.

In the present study, HSP70 reaction in renal cells of the healthy, control rats was not negative. The reaction was visible and it covered about 1.5% of the renal cell surface. The most probable cause of this phenomenon is an inability to eliminate all the environmental stressors the healthy rats were exposed to. Constantly increasing concentration of chaperones in cells of healthy animals is essential for proper protection of cell proteins -- both newly synthesized and mature ones.

It was described by several researchers. Neuhofer *et al*. \[[@CIT0017]\] studied the concentration of heat shock proteins in the renal papillae and demonstrated that in physiological conditions the renal papillary cells adapted to their hyperosmotic environment through the overproduction of HSP70.

In the present study, cells also tried to repair the damage and prevent apoptosis in a different way. An increase in the p-53 reaction indicates an attempt to repair the L-arginine damage.

P-53 is thought to be the protein which plays a crucial role in coordination of the cell response to various factors, such as hypoxia, DNA damage, and heat shock \[[@CIT0018], [@CIT0019]\]. During the action of a harmful factor, e.g. L-arginine, its concentration should increase. It was observed in the present study. The renal epithelial cells responded to L-arginine therapy by increasing the expression of HSP70 and p-53 proteins.

It might be a signal for researchers that cells are not in a good condition. It will be interesting to check if L-arginine induces apoptosis in renal tubular epithelial cells examined in the present study. It is going to be a subject of the author\'s future investigations.
